Animals rely on sensory cues to help them find suitable mates. Visual cues are particularly useful for locating mates during the day. A new study has revealed key visual neurons in male Drosophila used to identify and pursue potential mates.
Reproductive success relies on first finding and then pursuing an appropriate mate. Potential mates communicate species-and sex-specific sensory cues -for example, visual, olfactory, gustatory or auditory cues -which help to ensure that the pursuit is not in vain. In the vinegar fly, Drosophila melanogaster, males use visual cues for determining whether to approach a moving object and initiate courtship, and they are more likely to chase objects with the same dimensions as another fly [1] . On finding and pursuing a potential mate, the male relies heavily on chemosensory cues, like smell, to ensure that the appropriate sex and species is pursued. Males then woo females by displaying an intricate courtship ritual which involves following the female and 'singing' her a courtship song produced by extending the wing closest to her and vibrating it [2] . Visual cues are important for following the female [3] , extending the wing closest to her when singing [4, 5] and adjusting the amplitude of the courtship song to the distance of the female [6] . The contribution of the neural circuits that perceive and process chemosensory signals have been well studied, whilst the neurons underlying the processing of courtship-related visual signals have remained largely enigmatic. A new study by Ribeiro et al. [7] takes a first step towards closing this gap by identifying a single neuronal population that conveys courtship-relevant visual signals from the visual system to the central brain and thus controls male-directed courtship behavior.
In Drosophila, visual stimuli are perceived mainly by photoreceptor cells in the compound eyes, which are conveyed to and primarily processed in the optic lobe. These signals are then transmitted to the central brain through visual projection neurons. Nearly 20 subtypes of visual projection neurons have been reported. Visual projection neurons receive information representing the visual world within the optic lobe and send this information to regions in the central brain called optic glomeruli, with specific visual projection neuron subtypes communicating with specific optic glomeruli [8] . To identify visual projection neurons involved in courtship, Ribeiro et al. [7] artificially silenced different types of visual projection neurons and examined the consequences on courtship behavior. To restrict the number of candidate neurons for their behavioral screen, they focused on visual projection neurons that express the fruitless (fru) gene, which plays a pivotal role in the formation of neural circuits underlying sex-specific behaviors in the fly [2] . A single subtype of visual projection neurons, previously identified as lobula columnar 10 (LC10), emerged from this screen [8] . LC10 neurons have dendritic fields in specific layers of the optic lobe neuropil and send axonal projections toward an optic glomerulus called the anterior optic tubercle (AOTu; Figure 1A) . The AOTu is a major target of visual interneurons from the optic lobe, and is known to mediate visual processing in other insects [9, 10] .
When LC10 neurons were artificially silenced, males exhibited dramatically reduced levels of directed courtship: they did not orient towards the female when singing and lost their preference for extending the wing closest to her. In this respect, they behaved much like blind flies or flies in the dark. Importantly, Ribeiro et al. [7] were able to show that silencing LC10 neurons did not render flies completely blind: instead, they seem just to be 'blind' to a female of their species. For general visual tasks, such as the fixation of a moving bar presented to them on a computer screen, they performed just as well as control males: but their ability to track an object that resembles a female fly in its size and movement was impaired.
These observations suggest that LC10 neurons likely convey courtship-relevant visual signals, thereby enabling males to track moving females. To test whether artificial activation of this neuronal cluster alone could trigger the courtship elements that were disrupted through inhibition, LC10 neurons were artificially activated unilaterally (on only one side) in lone males without a female present. Indeed, unilateral LC10 activation caused the male to turn and extend its wing on the same side of his body. These observations collectively demonstrate that LC10 visual projection neurons are necessary for directed courtship pursuit and unilateral wing extension ( Figure 1B) .
Ribeiro et al. [7] went on to examine the activity of LC10 neurons in flies when presented with various visual cues via in vivo calcium imaging using a genetically encoded calcium indicator. Consistent with the behavioral observations, LC10s respond more strongly to fly-like moving objects than to changes in the whole field of view. The authors carefully examined the properties of visual stimuli that LC10 neurons respond to. They concluded that these neurons work by a conventional center-surround antagonism mechanism. This means that they are activated when a moving object is inside their receptive field (the 'center'), whereas they are inhibited by a stimulus in the area around it (the 'surrounding').
Such a mechanism helps to detect an object against a changing background, which is exactly what the male must do if he wants to find a female in a natural environment.
Sexually dimorphic behaviors can arise from anatomical and functional differences in neural circuits. In some cases, the sex differences are qualitative such that particular neurons are unique to one sex, in others a quantitative sex difference may represent a dimorphism in the same cell or the molecular characteristics of shared neurons. In the fly, many of these dimorphisms reside in central brain neurons. Intriguingly, the authors found that both the anatomy and physiological responses of LC10 neurons were similar between the sexes. This suggests that males and females detect the same visual signals but process them differently to produce distinct behavioral responses. This finding raises some interesting follow-up questions: where do these connectivity differences lie? How do these dimorphisms alter connectivity and information flow in males and females, and what function do LC10 neurons perform in the female? Such downstream connections are likely sexually dimorphic or sex-specific, and specified by fruitless [11] . In more naturalistic conditions, does the male combine species-specific and contextual visual stimuli to focus his intentions and increase his chances of copulation? The study by Ribeiro et al. [7] has paved the way for this enterprise, identifying the downstream pathways for courtship visual processing and multimodal integration will be key to understanding the visual pathways underlying reproductive success.
It is crucial to remove dysfunctional mitochondria and peroxisomes to prevent cellular damage. Recent work suggests that under basal conditions USP30, a deubiquitinating enzyme, works to ensure that both of these organelles are only turned over at the right time.
Mitophagy, the autophagic delivery of mitochondria to lysosomes, is largely seen as a protective mechanism whereby dysfunctional mitochondria, which can release harmful reactive oxygen species (ROS), are degraded to prevent cellular damage [1, 2] . Mitophagy came to the centre stage when landmark studies showed that PINK1, a mitochondrial protein kinase, and Parkin, an E3 ubiquitin ligase, operate sequentially to tag mitochondria with a ubiquitin 'eat-me' signal to enable specific mitochondrial engulfment via the formation of autophagosomes [3] [4] [5] . As PINK1 and Parkin can be mutated in hereditary Parkinson's disease, this suggests that impaired mitophagy may play a role in disease and that targeting it could prove therapeutically beneficial [6] . Approaches for interfering with this process received a boost when it was shown that USP30, a mitochondrial deubiquitinase (DUB), could inhibit this pathway [7] : if the Parkinderived mitochondrial ubiquitylation is the 'on-switch' for mitophagy, then deubiquitylation will be the 'off-switch'. Thus, inhibiting USP30 should enhance mitophagy and help to clear dysfunctional mitochondria. Consequently, a deeper
